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AbstrAct:	Representatives	of	fifteen	species	of	gastropods	and	ten	taxa	of	bivalves	were	found	in	five	small	
water	bodies	 in	Skaryszewski	Park	 in	Warsaw.	They	 included	Sphaerium rivicola (Lamarck)	and	Anodonta 
cygnea	(Linnaeus)	(empty	shells	only)	which	are	very	rare	in	Poland,	as	well	as	three	alien	species	–	Dreissena 
polymorpha (Pallas),	Physa acuta Draparnaud and Menetus dilatatus (Gould).	The	first	of	the	alien	species	may	
have	been	brought	by	humans	and	by	waterfowl	which	is	numerous	in	the	Park,	the	second	probably	by	birds	
alone. Bithynia troschelii (Paasch),	recently	elevated	to	species	rank,	was	also	recorded.	Despite	the	similar	
water	 chemistry,	 the	 species	 composition	and	dominance	 structure	of	molluscs	were	greatly	diversified	
both	among	the	studied	neighbouring	ponds	and	within	the	largest	of	them	–	Lake	Kamionkowskie.	Two	
smallest ponds, emptied for winter, were inhabited only by snails. The diverse occurrence of molluscs 
might	be	an	effect	of	different	stability	of	particular	water	bodies	and	within	Lake	Kamionkowskie	–	of	local	
accumulation	of	large	amounts	of	organic	matter	(fallen	leaves)	on	the	bottom.	
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INTRODUCTION

Mazowiecka	 Lowland	 lacks	 large	 natural	 water	
bodies. Warsaw, situated in its centre, has been al-
most	completely	deprived	of	 its	old	network	of	wa-
tercourses and some of the small water bodies of the 
Vistula	River	floodplain	have	been,	after	 regulation,	
cut off from the river and have undergone terrestri-
alisation.	Some	of	oxbow	lakes	and	side	arms,	how-
ever,	have	remained	 in	city	parks	 though	no	 longer	
connected	with	the	originally	dense	stream	network.	
Numerous	 artificial	 reservoirs,	 mostly	 excavation	
pits,	have	appeared	and	have	been	included	in	park	
areas.	 It	 is	 estimated	 (KołodziejczyK	 1999) that 
over 100 variously transformed small water bodies 
of different age and origin can be found in Warsaw. 

Water bodies of Warsaw attracted mainly the at-
tention of ornithologists, less often of botanists and 
only sporadically of hydrobiologists. Aquatic vege-
tation	of	 the	 left-bank	 and	 right-bank	Warsaw	was	

studied by GryczKA	 (1969) and PoLesiAK	 (1970), 
respectively. KołodziejczyK	(1976) compared shore 
zones	 of	 four	 water	 bodies	 in	 Warsaw	 (including	
Lake	Kamionkowskie).	

The earliest studies on molluscs of Warsaw 
(ŚLósArsKi	1872, 1876a, b, 1877) were fragmentary. 
The	first	inventory	of	the	Warsaw	malacofauna	was	
presented by jAnKowsKi (1933). feLiKsiAK	 (1933) 
analysed	the	malacofauna	of	the	filter	station	and	riv-
er pumping stations in Warsaw. KołodziejczyK & 
dołęGA	(2004)	compared	the	malacofauna	of	lakes	
Powsinkowskie,	 Wilanowskie	 and	 Czerniakowskie.	
LewAndowsKi	 (2013) described aquatic communi-
ties of the Warsaw district Bielany. 

Urban water bodies may provide habitats for 
rare	 and	 protected	 animals,	 for	 example	 leeches	
(KoPersKi 2010), and places suitable for alien spe-
cies.	The	role	of	 small	artificial	water	bodies	 for	al-
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ien molluscs in industrial areas was demonstrated 
by Lewin et	 al.	 (2015). Studies on all invertebrate 
macrofauna of water bodies were performed within 
a	social	project	”Nature	of	Skaryszewski	Park”.	The	
general characteristics of the fauna was presented by 
KołodziejczyK & LewAndowsKi (2015a, 2016a). 
KołodziejczyK & LewAndowsKi (2015b) record-
ed the American freshwater snail Menetus dilatatus 
in	 Lake	 Kamionkowskie.	 They	 also	 found	 Bithynia 

troschelii, until recently regarded as a conchological 
form or subspecies of B. leachii	(Sheppard,	1823),	in	
two	 small	 periodic	 park	 ponds	 (KołodziejczyK & 
LewAndowsKi 2016b). 

The aim of this study was a detailed analysis of 
the	malacofauna	of	the	water	bodies	in	Skaryszewski	
Park	which	 are	 subject	 to	 various	 forms	 of	 human	
impact. Particular attention was paid to the presence 
of rare, protected and alien species. 

STUDY AREA AND METHODS

Studies were carried out in the water bodies of 
Skaryszewski	Park	 in	Warsaw:	Lake	Kamionkowskie	
(52°14'42"N,	21°03'14"E)	with	its	southern	shore	adja-
cent	to	the	Park,	and	four	small	interconnected	ponds	
situated	inside	the	park	(Fig. 1).	Lake	Kamionkowskie	
is	 small	 and	 shallow	 (surface	 area	 8	 ha,	 maximum	
depth	2.1	m)	of	regular	shoreline.	 In	the	1920s	and	
1930s	it	lost	its	direct	connection	with	the	Praski	Port	
and the Vistula River. Now there is only a small in-
flow	to	the	lake	through	the	Gocławski	Canal	and	an	
outflow	 through	 an	 underground	 collector	 towards	
the	Praski	Port	(szymKowiAK & wierzbicKA 2015). 
The shores are reinforced with fascine, the emergent 
vegetation	 is	 sparse;	 stones,	 cinder	 and	 brick	 chips	
abundantly cover the bottom on the other side of the 
park.	 Large	 patches	 of	 yellow	water	 lilies	Nuphar lu
tea	(L.)	Sibth.	&	Sm.,	accompanied	by	several	sporadic	
submersed macrophytes and green algae, are found in 
various	places	of	the	lake	(ozimeK 2016). 

The	ponds	inside	the	park	are	artificial	water	bod-
ies formed at the beginning of the 20th century in 
wet	areas	of	Saska	Kępa	(szymKowiAK & wierzbicKA 
2015). They all have reinforced shores and are shal-
low.	Pond	A	(52°14'30"N,	21°03'35"E), with its bot-
tom and shores lined with concrete slabs and fed with 
drinking	water	from	an	artificial	waterfall,	is	devoid	
of	any	macrophytes	(various	green	algae	are	present).	
A few emergent macrophytes, one representative 
of	 submersed	 macrophytes	 (Utricularia vulgaris L.) 
and	green	algae	are	present	 in	pond	B	(52°14'32"N,	
21°03'34"E).	Ponds	C	(52°14'30"N,	21°03'29"E) and 
D	 (52°14'36"N,	 21°03'10"E)	 are	 inhabited	 (though	
not abundantly) by several species of emergent and 
submersed	macrophytes,	 green	 algae	 and	one	float-
ing-leaved	species	–	N. lutea	(ozimeK 2016). 
In	winter,	when	water	inflow	is	cut	off,	ponds	A	

and B dry out and the water table in pond C slight-
ly decreases. Numerous trees and shrubs along the 

Fig.	1.	Water	bodies	in	Skaryszewski	Park:	A–D	–	ponds;	1–8	–	sites	in	Lake	Kamionkowskie;	arrows	indicate	water	flow	
direction 
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shores of all the studied water bodies provide fallen 
leaves, which locally accumulate on the bottom. 

Standard water analyses were performed during 
sampling	with	WTW	Multi	3430	SET	G	probe.	Water	
pH	 in	 Lake	 Kamionkowskie	 was	 slightly	 alkaline	
(pH	7.6–8.1),	electrolytic	conductivity	was	very	high	
(about	 1,400	 µS/cm	 in	 different	 sites),	 concentra-
tions	of	dissolved	oxygen	in	the	surface	water	layer	
varied	from	7.10	to	8.29	mg	O2/dm3 and decreased 
with depth to 0.2 mg/dm3	in	the	near-bottom	layer.	
A	similarly	 low	oxygen	concentration	was	noted	 in	
the	near-shore	zone	above	the	layer	of	decomposing	
leaves on the bottom.
In	 the	 ponds,	 pH	 ranged	 from	 7.8	 to	 8.4,	 elec-

trolytic	 conductivity	 –	 from	 1,220	 to	 1,300	 µS/cm	
and	 oxygen	 concentration	 varied	 from	 ca.	 9.3	 mg	
O2/dm3	in	ponds	A	and	B	to	6.0–7.8	mg	O2/dm3 in 
pond	C	and	to	as	much	as	14.6	mg	O2/dm3 in pond D 
(ozimeK 2016, and own data).
Molluscs	 were	 collected	 on	 19.06.2014	 in	 Lake	

Kamionkowskie	 (eight	 sites)	 and	 on	 3.07.2014	 in	
the	ponds	(1–3	sites	 in	each)	(Fig. 1). The number 
of	 sites	 was	 proportional	 to	 the	 size	 of	 the	 water	
body.	Semi-quantitative	samples	(one	per	site)	were	
taken	 from	 the	 depth	 of	 0.3–0.5	m	with	 a	 bottom	
scratch	sampler	(zhAdin	1966), side length 20 cm 
(D-frame;	mesh	size	0.2	mm),	dragged	along	ca.	1	m	
of the bottom. The material was initially preserved 
in	4%	formalin.	In	the	laboratory	the	samples	were	
washed	 on	 a	 sieve	 of	 1	mm	mesh	 size,	 segregated	
macroscopically	 and	 transferred	 to	 70%	 alcohol.	

Both the preserved specimens and the empty shells 
were	 identified	 using	 the	 keys	 of	 mAcAn	 (1977), 
PiechocKi	 (1979), fALniowsKi (1989), PiechocKi 
& dyduch-fALniowsKA	 (1993), fALniowsKi et 
al.	 (2004), GLöer	et	al.	 (2005), weLter-schuLtes 
(2012), updating nomenclature after PiechocKi & 
wAwrzyniAK-wydrowsKA	 (2016). The specimens 
were	determined	to	species	level,	except	the	smallest	
bivalves of the genus Pisidium. The mollusc density 
(the	 resulting	 values	 were	 rounded	 to	 +/–	 5	 indi-
viduals/m2),	 and	 the	 general	 diversity	Ħ	 (Shannon-
Wiener	index,	Ħ	=	–∑ pi ln	(pi)) were determined for 
each	water	body.	The	values	of	Shannon-Wiener	index	
were	analysed	using	Hutcheson’s	test	(hutcheson 
1970, scăunAşu et al. 2012). The faunal similarity 
between the water bodies was estimated with the 
species	composition	similarity	index	S	according	to	
mArczewsKi & steinhAus	(1959), and the similar-
ity	of	dominance	structure	Re	(%)	–	with	Renkonen	
index	(trojAn	1975).	

The quantitative results were analysed using 
Statistica	 for	 Windows	 (version	 12.0).	 The	 signifi-
cance of differences in the density of molluscs among 
the	water	bodies	was	evaluated	using	a	 rank-based	
nonparametric	 ANOVA,	 Kruskal	 –	Wallis	 and	mul-
tiple comparisons tests. The faunal similarities of 
the freshwater mollusc communities in the ponds 
and	Lake	Kamionkowskie	were	estimated	using	clus-
ter	 analysis	 method	 (Statistica	 Software,	 Ver.	 12).	
Ward’s	method	was	used	as	the	linkage	rule	and	the	
Euclidean distances as the distance measure. 

RESULTS

The	 total	 number	 of	 specimens	 found	 was	 801,	
including	738	snails	assigned	to	15	species	and	63	bi-
valves	assigned	to	nine	species	and	one	genus	(Table 
1).	In	all	the	water	bodies	gastropods	definitely	pre-
vailed over bivalves in terms of both the number of 
species and the number of individuals. The mollusc 
density was highest in pond A and pond B, smaller 
by	 an	 order	 of	magnitude	 in	 Lake	 Kamionkowskie	
and in pond C and the smallest in pond D. Despite 
the	fact	that	the	density	differed,	Kruskal-Wallis	test	
showed that the differences were statistically insig-
nificant	(H	(df	=	4	N	=	16)	=	8.184546,	p	=	0.0850).	
The	total	number	of	taxa	varied	from	5	(pond	D)	to	
20	 (Lake	 Kamionkowskie).	 Shannon-Wiener	 in-
dex	 ranged	 from	 1.13	 in	 pond	 A	 to	 2.21	 in	 Lake	
Kamionkowskie	(Table 1).	The	value	of	this	index	for	
Lake	 Kamionkowskie	 was	 significantly	 higher	 than	
for all the other studied water bodies; it was also dif-
ferent	for	ponds	A	and	B	and	ponds	B	and	C	(Table 2).
The	dominance	structure	markedly	differed	among	

the	 studied	 water	 bodies	 (Fig. 2). Radix balthica in 
pond	A	 constituted	 47%	 of	 individuals,	Bithynia tro

schelii and Planorbarius corneus also formed a large pro-
portion. Pond B was dominated by B. troschelii	(50%),	
followed by Planorbis planorbis and Anisus vortex. In 
pond C Valvata piscinalis constituted	as	much	as	57%	
of all collected molluscs and Bithynia tentaculata	–	28%.	
The genus Pisidium	was	represented	by	7%	of	individu-
als. Only 12 individuals were found in pond D, most of 
them were V. piscinalis.	The	greatest	proportion	(25%)	
among	all	molluscs	collected	in	Lake	Kamionkowskie	
was formed by V. piscinalis	(25%)	and	Viviparus viviparus 
(22%);	B. tentaculata, Physa acuta, Dreissena polymorpha 
and Radix auricularia were also numerous.

The species composition of molluscs clearly dif-
fered	among	the	studied	water	bodies	(Table	3), par-
ticularly	between	ponds	A	and	D	(S	=	0.01)	and	pond	
A	and	Lake	Kamionkowskie	(S	=	0.02).	A	relatively	
high	similarity	index	(0.63)	was	found	only	between	
ponds A and B. The similarity of dominance structure 
of	molluscs	(Table	3) was also very small, especially 
for	pond	A	compared	with	ponds	D	(Re	=	1%),	C	(Re	
=	4%)	and	Lake	Kamionkowskie	(Re	=	7%).	A	high	
similarity of dominance structure was noted for the 
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malacofaunas	of	ponds	C	and	D	(73%)	and	a	moder-
ate	similarity	(42–45%)	for	those	of	ponds	A	and	B	
and	for	Lake	Kamionkowskie	and	ponds	C	and	D.	

The analysed water bodies were grouped based 
on	 the	 faunal	 similarity	 of	 their	 malacofauna	 (Fig. 
3): ponds C and D were most similar in this respect, 

ponds A and B constituted another group clearly 
separated	 from	 the	 other	 three	water	 bodies.	 Lake	
Kamionkowskie	clearly	differed	from	the	ponds.

The number of both species and specimens differed 
among	 the	 sampling	 sites	 in	 Lake	 Kamionkowskie	
(from	2	to	10	and	from	2	to	98,	respectively	–	Table 

Table 2. Values of Student’s t test for comparison of in-
dices	 H	 for	 two	 water	 bodies	 (above	 diagonal)	 and	
p-values	 (below	 diagonal).	 A–D	 –	 ponds;	 LK	 –	 Lake	
Kamionkowskie	(Warsaw,	June–July	2014)

Water 
body A B C D LK

A × –3.430 0.950 –0.530 –10.74
B 0.001 × 3.210 1.460 –6.45
C 0.345 0.002 × –1.100 –7.83
D 0.605 0.162 0.281 × –5.30
LK <0.001 <0.001 <0.001 <0.001 ×

Table	3.	Similarity	of	composition	(Marczewski	&	Steinhaus	
index,	 S	 –	 above	 diagonal)	 and	 dominance	 structure	
(Renkonen	 index,	Re	%	–	 below	diagonal)	 in	malaco-
coenoses	of	the	studied	water	bodies.	A–D	–	ponds;	LK	
–	Lake	Kamionkowskie	(Warsaw,	June–July	2014)

Water body A B C D LK
A × 0.63 0.33 0.01 0.02
B 42 × 0.38 0.25 0.25
C 4 12 × 0.30 0.33
D 1 9 73 × 0.19
LK 7 11 45 42 ×

Table	 1.	Molluscs	 collected	 in	 the	 studied	water	 bodies	 in	 Skaryszewski	 Park	 (Warsaw,	 June–July	 2014).	 LK	 –	 Lake	
Kamionkowskie

Taxa Pond A Pond B Pond C Pond D LK
Gastropoda

Viviparus viviparus	(Linnaeus,	1758) 58
Valvata piscinalis	(O.	F.	Müller,	1774) 3 4 43 5 66
Bithynia tentaculata (Linnaeus,	1758) 16 21 3 36
Bithynia troschelii (Paasch,	1842) 61 114
Physa acuta Draparnaud,	1805 8 28
Radix balthica (Linnaeus,	1758) 101 7 5
Radix auricularia	(Linnaeus,	1758) 14
Radix ampla	(Hartmann,	1821) 3
Planorbis planorbis (Linnaeus,	1758) 5 30
Anisus vortex	(Linnaeus,	1758) 1 26
Bathyomphalus contortus (Linnaeus,	1758) 2 9 1
Gyraulus albus	(O.	F.	Müller,	1774) 2 11
Planorbarius corneus	(Linnaeus,	1758) 35 12 1 1
Menetus dilatatus (Gould,	1841) 2
Acroloxus lacustris	(Linnaeus,	1758) 4

Bivalvia
Unio pictorum	(Linnaeus,	1758) 1
Anodonta anatina (Linnaeus,	1758) 2 8
Dreissena polymorpha (Pallas,	1771) 1 18
Sphaerium corneum	(Linnaeus,	1758) 5
Sphaerium rivicola	(Lamarck,	1818) 3
Musculium lacustre	(O.	F.	Müller,	1774) 9 2
Pisidium amnicum (O.	F.	Müller,	1774) 1
Pisidium henslowanum (Sheppard,	1823) 2 1
Pisidium subtruncatum Malm,	1855 1
Pisidium sp. 1 5 1 3
Number of specimens 216 228 76 12 270
Number	of	taxa 8 10 8 5 20
Mean	density	and	range	(ind./m2) 1.080 1.140 125	(15–235) 20	(5–45) 170	(10–490)
Shannon-Wiener	index	Ħ 1.13 1.65 1.22 1.42 2.21
Index	Hmax 2.08 2.30 2.08 1.79 3.00
Var	(H) 0.0035 0.0049 0.0139 0.0193 0.0037
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4).	Sites	6	and	7	were	extremely	poor,	both	quanti-
tatively and qualitatively; site 1 was very poor quan-
titatively.	Sites	4,	2,	5	and	8	were	richest	in	terms	of	
the	number	of	species,	and	site	8	was	the	richest	in	
specimens.	 The	 species	 composition	 differed	mark-
edly	 among	 the	 sites;	 the	 similarity	 index	 S	 varied	
from	zero	(for	as	many	as	seven	pairs	of	sites)	to	0.46	
at	the	mean	value	of	only	0.19.	
Four	 species	 were	 represented	 exclusively	 by	

empty shells, found in sediments. They were 

Valvata cristata	O.	F.	Müller,	1774	and	Hippeutis com
planatus	 (Linnaeus,	 1758)	 in	 pond	 B	 and	 in	 Lake	
Kamionkowskie,	 Anodonta cygnea	 (Linnaeus,	 1758)	
in	pond	C	and	in	Lake	Kamionkowskie	and	Lymnaea 
stagnalis	 (Linnaeus,	 1758)	 in	 Lake	 Kamionkowskie.	
Eight other species, whose empty shells were found 
in sediments, were present as live individuals but in 
other water bodies. In pond D the number of species 
represented	by	empty	shells	(4)	was	almost	equal	to	
that	of	live	individuals	(5).	

DISCUSSION 

The	 number	 of	 recorded	 mollusc	 species	 (25)	
was high for small water bodies under strong 
human	 impact,	 like	 those	 in	 Skaryszewski	 Park.	
Moreover, the diversity of molluscs turned out to 
be	 higher	 compared	 to	 other	 invertebrate	 taxa	
(KołodziejczyK & LewAndowsKi 2016b). This rel-
atively	 great	 taxonomic	 diversity	 the	malacofauna	
was observed within the relatively small area of the 

park,	despite	the	generally	similar	water	chemistry	
in the studied water bodies. The malacofauna of 
Lake	Kamionkowskie	was	distinctly	different	 from	
such	faunas	of	the	ponds	(Fig.	3). The largest num-
ber of mollusc species and the high diversity in the 
lake	(Table 1)	most	likely	result	from	the	combina-
tion	of	its	size,	its	natural	origin	and	its	age.

Fig.	2.	Dominance	structure	of	molluscs	in	water	bodies	of	Skaryszewski	Park:	A–D	–	ponds,	LK	–	Lake	Kamionkowskie	
(Warsaw,	June–July	2014)	
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It appears that the main local factor which may 
negatively	affect	molluscs	in	Lake	Kamionkowskie	is	
the large quantity of fallen leaves, particularly com-
bined	with	 the	 lack	 of	water	movement	 (site	 6	 be-
tween the shore and the island and site 7 in a shal-
low	bay	–	Fig. 1, Table	4), which may lead to local 
oxygen	deficit.	Likewise,	the	hard,	stony	site	(1)	with	
large quantities of anthropogenic materials was poor 
in	mollusc	taxa.	The	scarcity	of	macrophytes	in	the	
studied habitats may also have a negative impact on 
the occurrence of molluscs.

The general scarcity of bivalves in the studied wa-
ter bodies, particularly in the four ponds, might re-
sult	 from	 the	 character	of	 their	bottom	(or	artificial	
substratum	 like	 concrete	 or	 rubble)	 and	 from	 accu-
mulation of allochthonous matter in the form of fall-
en leaves. The winter emptying of ponds A and B did 
not, however, negatively affect the snail fauna. Some 
species of the families Bithyniidae and Planorbidae 
are	 drought-resistant	 (KLeKowsKi 1959, PiechocKi 
1979). In the case of the smallest ponds A and B the 
lack	of	significant	differences	in	mollusc	density	might	
result	from	too	small	a	number	of	sampling	sites	(one	
site in each). On the other hand, the high value of 
Shannon-Wiener	index	for	pond	D	(Table 1) is proba-
bly a result of the small number of collected animals. 
From	 among	 protected	 species,	 Lake	 Kamion-

kowskie was inhabited by Sphaerium rivicola, a rare 
species in Poland; it is probably a relic of connection 
of	 the	 lake	 with	 the	 Vistula	 River,	 where	 the	 spe-
cies was found by feLiKsiAK	(1933) and jAnKowsKi 
(1933). S. rivicola	has	 large	oxygen	demands	and	 is	
very sensitive to water pollution. It avoids highly eu-
trophic	waters	(PiechocKi & dyduch-fALniowsKA 

1993) and is now rare in the Vistula River catch-
ment	basin	(LewAndowsKi	2004). Empty shells of 
Anodonta cygnea were also found; the species was re-
corded in the Vistula River near Warsaw by feLiKsiAK 
(1933) and jAnKowsKi	(1933). Both species are now 
partly	protected	 in	Poland	(dzienniK ustAw 2016; 
till	 2014	 they	 were	 strictly	 protected).	 Bithynia tro
schelii, found in two ponds, is included in the Polish 
red	 list	 of	 endangered	 animal	 species	 (PiechocKi 
2002) as vulnerable. Musculium lacustre (dyduch-
fALniowsKA & zAjąc 2002), found in pond B and in 
Lake	Kamionkowskie,	has	the	same	status.	

Anodonta anatina	 was	 found	 in	 Lake	
Kamionkowskie	 and	 in	 pond	D;	 locally	 in	 the	 for-
mer at a density of about 25 ind./m2. The shell 
length of Unio pictorum from	 pond	 D,	 of	 only	 2.8	
mm, may indicate its reproduction in this water 
body. The role of bivalves in various freshwater 
ecosystems	 and	 especially	 their	 filter-feeding	 be-
haviour which removes suspended matter from wa-
ter	 (e.g.	 LewAndowsKi & stAńczyKowsKA	 1975, 
1995, KryGer & riisGArd	1988, Pusch et al. 2001) 
should be emphasised here.

The presence of several alien species in the stud-
ied water bodies is noteworthy. One of them was 
Dreissena polymorpha,	observed	(Table 1) not only in 
Lake	Kamionkowskie	but	also	in	pond	C.	Its	empty	
shells	were	found	in	pond	D.	Lake	Kamionkowskie	
was also inhabited by the thermophilous Physa acuta 
and by Menetus dilatatus which is very rare in Poland. 
D. polymorpha appeared in Poland at least 200 years 
ago	(stAńczyKowsKA & LewAndowsKi 2011) and 
may	 have	 colonised	 Lake	 Kamionkowskie	 when	 it	
was still connected with the Vistula River. The spe-

Fig.	3.	Faunal	similarity	of	malacocoenoses	(Euclidean	distance)	in	water	bodies	of	Skaryszewski	Park	(Warsaw,	June–July	
2014)
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cies was already found in the river by ŚLósArsKi 
(1872, 1876a, b, 1877), later by feLiKsiAK (1933) 
and jAnKowsKi	 (1933), who also recorded it from 
the	environs	of	Praski	Port.	P. acuta was present in 
Poland since the beginning of the 20th century, ini-
tially	in	artificially	heated	waters.	In	Warsaw	it	was	
first	observed	in	reservoirs	of	the	Botanical	Garden	
in	1906	(PoLińsKi 1917). soszKA & soszKA	(1976) 
found the species in heated ponds of the Power 
Station	 ”Siekierki”.	 In	 the	 Vistula	 River	 P. acuta 
was	 first	 observed	 near	 Cracow,	which	was	 associ-
ated with the construction of electric power station 
in	 Skawina	 in	 1958	 (ziębA & zAćwiLichowsKA 
1966, ALexAndrowicz	 1986). While urbAńsKi 
(1947) was of the opinion that in Poland P. acuta oc-
curred mainly in aquaria and greenhouse reservoirs, 
strzeLec	 (2011a) pointed to the possibility of col-
onisation of waters of natural thermal regime. The 
first	stage	of	expansion	at	the	beginning	of	the	20th	
century	was	 facilitated	by	human	activity	 (transfer	
with aquarium plants) but later the occupied area 
may	have	extended	via	water	courses	and	transport	
in	 waterfowl	 plumage	 (strzeLec 2011a). M. dil
atatus	 was	 brought	 in	 the	middle	 of	 the	 19th	 cen-
tury	 from	North	 America	 to	 Great	 Britain.	 It	 was	
known	 to	 occur	 in	 Poland	 since	 1970,	 initially	 in	
heated	Konin	lakes	(berGer & dzięczKowsKi	1979, 
strzeLec 2011b) and, recently, in the Odra River at 
its	junction	with	the	Odra-Spree	Canal	(PiechocKi 
& szLAuer-łuKAszewsKA	 2013). Its presence in 
Lake	 Kamionkowskie	 may	 be	 associated	 with	 the	
abundance of water birds which are able to carry 
various invertebrate species in their plumage.

Transfer of various invertebrates, including small 
pulmonate gastropods, by birds was described by 
many	 authors	 (e.g.	 Boag	 1986, KAPPes & hAAse 
2012, VAn Leeuwen & VAn der VeLde 2012, Van 
Leeuwen et	 al.	 2013). Warsaw water bodies are 
abundantly inhabited by waterfowl, mainly by Anas 
platyrhynchos L. The species is also numerous among 
the	 twelve	 waterfowl	 species	 in	 Skaryszewski	 Park	
(KojteK et al. 2016). Due to the short distance cov-
ered by small pulmonates in birds’ plumage, one may 
expect	 that	 small	 park	 water	 bodies,	 being	 “stops”	
for birds, may facilitate colonisation of even distant 
habitats by freshwater gastropods. 

Bithynia troschelii was found in two of the stud-
ied water bodies. The snail was originally regard-
ed as a subspecies or conchological form of B. 
leachii (KołodziejczyK & LewAndowsKi 2016b), 

hence it was not listed separately in many papers. 
Consequently,	not	much	is	known	of	its	occurrence	
in	Poland.	 It	 is	 assumed,	 similarly	 as	 in	 the	Czech	
Republic	(berAn & horsáK 2009), to be a rare spe-
cies. Therefore, information on its presence in the 
waters	 of	 Skaryszewski	 Park	may	 be	 important	 for	
mapping of its distribution and for ascertaining its 
habitat requirements. It is possible that the two ar-
tificial	water	bodies	are	refuges	for	B. troschelii which 
was	originally	widespread	in	the	right-bank	Warsaw	
(KołodziejczyK & LewAndowsKi (2016b)).
Compared	 with	 three	 Warsaw	 oxbows	 stud-

ied	 earlier	 (KołodziejczyK & dołęGA 2004), the 
malaco	fauna	of	Lake	Kamionkowskie	does	not	differ	
in	its	species	richness	despite	the	fact	that	the	lake	is	
subject	to	a	stronger	human	impact.

Urban water bodies show a relatively high spe-
cies diversity of molluscs and may be both refuges 
for	 rare	species	and	habitats	 for	newly-arriving	spe-
cies of snails and bivalves. This is also true of oth-
er	aquatic	organisms.	The	crayfish	Orconectes limosus 
(Rafinesque,	1817)	(only	one	 individual)	and	a	 rep-
resentative	 of	 the	 fish	 family	 Gobiidae	 –	Neogobius 
gymnotrachelus	 (Kessler,	 1857)	 (KołodziejczyK & 
LewAndowsKi 2016a and woLnicKi 2016, respec-
tively)	were	observed	 in	Lake	Kamionkowskie.	The	
turtle Trachemys scripta elegans	(Wied-Neuwied,	1839)	
was	also	noted	in	the	lake	and	in	pond	D	(oLejniczAK 
et al. 2016).

Human activity increasingly affects aquatic eco-
systems leading to their transformation and to 
changes in the composition of aquatic communities. 
This is the effect of both unfavourable environmental 
changes which cause a decline of native species and 
the appearance of alien species. Such processes may 
change ecosystem’s functions and often decrease 
(but	 sometimes	 increase)	 its	 biodiversity.	 The	 out-
come will be particularly visible in small water bod-
ies,	including	those	in	city	parks.	
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Table	4.	Molluscs	in	sampling	sites	in	Lake	Kamionkowskie	(Warsaw,	June	2014)

Site no.
1 2 3 4 5 6 7 8

Number	of	taxa 3 9 7 10 9 2 3 9
Number of collected individuals 16 25 26 59 41 2 3 98
Density	(ind./m2) 80 125 130 295 205 10 15 490



264	 Andrzej	Kołodziejczyk,	Krzysztof	Lewandowski

REFERENCES

ALexAndrowicz s. w.	 1986.	 Physa acuta Draparnaud, 
1805	 (Mollusca,	Gastropoda)	 from	 the	 recent	Vistula	
sediments	at	Tyniec	near	Cracow.	Acta	Zool.	Cracov.	29:	
355–372.

berAn L., horsáK m. 2009. Distribution of Bithynia 
 leachii	(Sheppard,	1823)	and	Bithynia troschelii	(Paasch,	
1842)	(Gastropoda:	Bithyniidae)	in	the	Czech	Republic.	
Malacol.	Bohemoslov.	8:	19–23.

berGer L., dzięczKowsKi A.	1979.	Północnoamerykański	
zatoczek	Menetus dilatatus	 (Gould,	1841)	 (Gastropoda,	
Planorbidae)	w	Polsce.	Przegl.	Zool.	23:	34–40.

Boag D. a.	1986.	Dispersal	 in	pond	snail:	potential	 role	
of	 waterfowl.	 Can.	 J.	 Zool.	 64:	 904–909.	 https://doi.
org/10.1139/z86-136

dzienniK ustAw 2016. Dziennik	Ustaw	Rzeczypospolitej	
Polskiej, Warszawa,	dnia	28	grudnia	2016	r.	Poz.	2183.	
Rozporządzenie	Ministra	Środowiska	z	dnia	16	grudnia	
2016	r.	w	sprawie	ochrony	gatunkowej	zwierząt.

dyduch-fALniowsKA A., zAjąc K. 2002. Bivalvia	Małże.	
In: GłowAcińsKi	 Z.	 (ed.).	 Czerwona	 Lista	 Zwierząt	
Ginących	 i	 Zagrożonych	 w	 Polsce.	 Polska	 Akademia	
Nauk,	Instytut	Ochrony	Przyrody,	Kraków,	pp.	23–26.

fALniowsKi A. 1989. Przodoskrzelne	 (Prosobranchia,	
Gastropoda,	Mollusca)	Polski.	I.	Neritidae,	Viviparidae,	
Valvatidae,	 Bithynidae,	 Rissoidae,	 Aciculidae.	 Zesz.	
Nauk.	Uniw.	Jagiell.,	Prace	Zool.	35:	1–148.

fALniowsKi A., GLöer P., szArowsKA m. 2004. Bithynia 
troschelii	 (Paasch,	 1842),	 a	 giant	 of	 unknown	 origin?	
Folia	Malacol.	12:	137–139.	https://doi.org/10.12657/
folmal.012.009

feLiKsiAK s. 1933.	 Die	 Molluskenfauna	 der	 Filter-	
und der Rohwasserpumpstation der Warschauer 
Wasserleitungsanlagen.	Fragm.	Faun.	2:	27–36.	

GLöer P., fALniowsKi A., szArowsKA m. 2005. Bithynia 
leachii	(Sheppard	1823)	and	B. troschelii (Paasch 1842),	
two	distinct	species?	Heldia	6:	49–56.	

GryczKA t. 1969. Roślinność	i	flora	akwenów	lewobrzeżnej	
Warszawy.	Master	Thesis,	Uniwersytet	Warszawski.

hutcheson K. 1970. A test for comparison of diversities 
based	on	the	Shannon	formula.	J.	Theor.	Biol.	29:	151–
154.	https://doi.org/10.1016/0022-5193(70)90124-4

jAnKowsKi A.	 1933.	 Mięczaki	 Warszawy.	 Spraw.	 Kom.	
Fizjogr.	67:	99–114.

KAPPes h., hAAse P. 2012. Slow, but steady: dispersal of 
freshwater	molluscs.	Aquat.	Sci.	74:	1–14.	https://doi.
org/10.1007/s00027-011-0187-6

KLeKowsKi r. 1959.	 Przeżywalność	 wysychających	 śli-
maków	Planorbis planorbis	L.	w	zależności	od	niektórych	
warunków	środowiska.	Pol.	Arch.	Hydrobiol.	5:	71–89.

KojteK b., mArczewsKi A., KAjzer K., dziAdosz m. 
2016.	 Ptaki	 Parku	 Skaryszewskiego	w	Warszawie.	 In:	
romAnowsKi	J.	(ed.).	Park	Skaryszewski	w	Warszawie	
–	przyroda	i	użytkowanie.	Wyd.	Uniw.	Kardynała	Stefana	
Wyszyńskiego,	Warszawa,	pp.	207–214.

KołodziejczyK A.	1976.	Ecological	characteristics	of	the	
eulittoral	of	four	water	bodies	in	Warsaw.	Ekol.	Pol.	24:	
431–446.

KołodziejczyK A.	1999.	Rezerwat	krajobrazowy	Jeziorko	
Czerniakowskie.	 In:	 Kot h., dombrowsKi A. (eds).	
Strategia	 ochrony	 fauny	 na	 Nizinie	 Mazowieckiej.	
Mazowieckie	Towarzystwo	Ochrony	Fauny,	Siedlce,	pp.	
201–216.

KołodziejczyK A., dołęGA A. e.	2004.	Molluscs	of	select-
ed	water	bodies	 in	Warsaw.	Folia	Malacol.	12:	63–71.	
https://doi.org/10.12657/folmal.012.003

KołodziejczyK A., LewAndowsKi K.	2015a.	Makrofauna	
bezkręgowa	wód.	In:	LuniAK M.	(ed.).	Przyroda	Parku	
Skaryszewskiego	 –	 raport	 z	 realizacji	 Projektu	 2014	
r.,	 pp.	 22–24.	 http://www.miastoiptaki.pl/raport_
ppsk/ (accessed:	20.06.2015)

KołodziejczyK A., LewAndowsKi K. 2015b. new record 
of alien species, trumpet Ram’s horn, Menetus dilatatus 
(Gould,	 1841)	 (Gastropoda:	 Planorbidae)	 in	 Poland.	
Folia	Malacol.	23:	169–172.	https://doi.org/10.12657/
folmal.023.012

KołodziejczyK A., LewAndowsKi K. 2016a. A new re-
cord of Bithynia troschelii	 (Paasch,	 1842)	 (Gastropoda:	
Bithyniidae) from two temporary ponds in Warsaw 
(Poland).	 Folia	 Malacol.	 24:	 91–95.	 https://doi.
org/10.12657/folmal.024.006

KołodziejczyK A., LewAndowsKi K. 2016b. makro-
fauna	 bezkręgowa	 zbiorników	 wodnych	 Parku	 Skary-
szewskiego	 w	 Warszawie.	 In:	 romAnowsKi j.	 (ed.).	
Park	 Skaryszewski	 w	Warszawie	 –	 przyroda	 i	 użytko-
wanie.	 Wyd.	 Uniw.	 Kardynała	 Stefana	 Wyszyńskiego,	
Warszawa,	pp.	145–154.

KoPersKi P. 2010. Urban environments as a habitat for 
rare	aquatic	species:	The	case	of	leeches	(Euhirudinea,	
Clitellata)	 in	 Warsaw	 freshwaters.	 Limnologica	 40:	
233–240.	https://doi.org/10.1016/j.limno.2009.05.001

KryGer j., riisGArd h. V. 1988. Filtration rate capac-
ities in 6 species of European freshwater bivalves. 
Oecologia	(Berlin)	77:	34–38.	https://doi.org/10.1007/
BF00380921

LewAndowsKi K. 2004. Mięczaki	(Mollusca)	w	dorzeczach	
Wisły	i	Odry.	Biul.	Monitoringu	Przyr.	5:	5–9.

LewAndowsKi K.	 2013.	Życie	wód.	 In:	LuniAK M.	 (ed.).	
Przyroda	 Bielan	 warszawskich.	 Muzeum	 i	 Instytut	
Zoologii	PAN,	Warszawa,	pp.	222–229.

LewAndowsKi K., stAńczyKowsKA A. 1975. The occur-
rence and role of bivalves of the family Unionidae in 
Mikołajskie	Lake.	Ekol.	Pol.	23:	317–334.

LewAndowsKi K., stAńczyKowsKA A. 1995. Rola	małży	
w	ograniczaniu	symptomów	eutrofizacji.	In:	zALewsKi 
m.	(ed.).	Procesy	biologiczne	w	ochronie	i	rekultywacji	
nizinnych	zbiorników	zaporowych.	Bibl.	Monitor.	Środ.	
PIOŚ,	Łódź,	pp.	135–142.

Lewin i., sPyrA A., KrodKiewsKA m., strzeLec m. 2015. 
The importance of the mining subsidence reservoirs lo-
cated	along	the	trans-regional	highway	in	the	conserva-
tion of the biodiversity of freshwater molluscs in indus-

https://doi.org/10.1139/z86-136
https://doi.org/10.1139/z86-136
https://doi.org/10.12657/folmal.012.009
https://doi.org/10.12657/folmal.012.009
https://doi.org/10.1016/0022-5193(70)90124-4
https://doi.org/10.1007/s00027-011-0187-6
https://doi.org/10.1007/s00027-011-0187-6
https://doi.org/10.12657/folmal.012.003
http://www.miastoiptaki.pl/raport_ppsk/
http://www.miastoiptaki.pl/raport_ppsk/
https://doi.org/10.12657/folmal.023.012
https://doi.org/10.12657/folmal.023.012
https://doi.org/10.12657/folmal.024.006
https://doi.org/10.12657/folmal.024.006
https://doi.org/10.1016/j.limno.2009.05.001
https://doi.org/10.1007/BF00380921
https://doi.org/10.1007/BF00380921


	 Molluscs	of	city	park	water	bodies	 265

trial	areas	(Upper	Silesia,	Poland).	Water	Air	Soil	Poll.	
226:	189.	https://doi.org/10.1007/s11270-015-2445-z

mAcAn t. t.	1977.	A	key	 to	 the	British	 fresh-	and	brack-
ish-water	 gastropods	 with	 notes	 on	 their	 ecology.	
Scientific	 Publication	 No.	 13,	 Freshwater	 Biological	
Association, Ambleside.

mArczewsKi e., steinhAus h.	1958–1959.	O	odległości	
systematycznej	biotopów.	Zastosowania	matematyki	4:	
195–203.	

oLejniczAK i., GórsKi P., boniecKi P., romAnowsKi j. 2016. 
Płazy	 i	gady	Parku	Skaryszewskiego	w	Warszawie.	 In:	
romAnowsKi j.	(ed.).	Park	Skaryszewski	w	Warszawie	
–	przyroda	i	użytkowanie.	Wyd.	Uniw.	Kardynała	Stefana	
Wyszyńskiego,	Warszawa,	pp.	195–205.

ozimeK t.	 2016.	Roślinność	 i	 flora	 zbiorników	wodnych	
Parku	Skaryszewskiego	w	Warszawie.	In:	romAnowsKi 
J.	 (ed.).	 Park	 Skaryszewski	 w	 Warszawie	 –	 przyro-
da	 i	 użytkowanie.	 Wyd.	 Uniw.	 Kardynała	 Stefana	
Wyszyńskiego,	Warszawa,	pp.	107–116.

PiechocKi A.	 1979.	 Mięczaki	 (Mollusca).	 Ślimaki	
(Gastropoda).	 Fauna	 Słodkowodna	 Polski	 7,	 PWN,	
Warszawa–Poznań.	

PiechocKi A.	 2002.	Gastropoda	 aquatica	 Ślimaki	wodne.	
In: GłowAcińsKi	 Z.	 (ed.).	 Czerwona	 Lista	 Zwierząt	
Ginących	 i	 Zagrożonych	 w	 Polsce.	 Polska	 Akademia	
Nauk,	Instytut	Ochrony	Przyrody,	Kraków,	pp.	34–37.	

PiechocKi A., dyduch-fALniowsKA A.	 1993.	 Mięczaki	
(Mollusca).	 Małże	 (Bivalvia).	 Fauna	 Słodkowodna	
Polski,	7A,	PWN,	Warszawa.

PiechocKi A., szLAuer-łuKAszewsKA A.	2013.	Molluscs	
of the middle and lower Odra: the role of the river in 
the	expansion	of	alien	species	in	Poland.	Folia	Malacol.	
21:	73–86.	https://doi.org/10.12657/folmal.021.008

PiechocKi A., wAwrzyniAK-wydrowsKA b. 2016.	Guide	
to	freshwater	and	marine	Mollusca	of	Poland.	Bogucki	
Wydawnictwo	Naukowe,	Poznań.

PoLińsKi w. 1917. Materyały	do	fauny	malakozoologicznej	
Królestwa	Polskiego,	Litwy	i	Polesia. Prace	Tow.	Nauk.	
Warszawskiego	27:	1–130.

PoLesiAK h.	 1970.	 Zbiorowiska	 makrofitów	 obszaru	
Warszawa–Praga	Południe.	Master	Thesis,	Uniwersytet	
Warszawski.

Pusch m., siefert j., wALz n. 2001. Filtration and respira-
tion of two unionid species and their impact on the wa-
ter	quality	of	a	lowland	river.	Ecol.	Stud.	145:	317–326.	
https://doi.org/10.1007/978-3-642-56869-5_17

scăunAşu d. A., Petrişor A. i., iVAnoV f. m. 2012. 
Diversity of arthropod communities as an indicator 
of	changes	produced	by	the	utilization	of	silvicultural	
techniques.	 Ekológia	 (Bratislava)	 31:	 22–32.	 https://
doi.org/10.4149/ekol_2012_01_22

soszKA h., soszKA G. j. 1976. Reakcja	biocenoz	na	pod-
grzane	wody.	Wiad.	Ekol.	2:	117–134.

stAńczyKowsKA A., LewAndowsKi K. 2011. Dreissena poly
morpha	(Pallas,	1771).	In:	GłowAcińsKi z., oKArmA h., 
PAwłowsKi j., soLArz w.	 (eds).	Gatunki	obce	w	fau-
nie	Polski.	I.	Przegląd	i	ocena	stanu.	Instytut	Ochrony	
Przyrody	PAN,	Kraków,	pp.	133–140.

strzeLec m. 2011a. Physella acuta	(Draparnaud,	1805).	In:	
GłowAcińsKi z., oKArmA h., PAwłowsKi j., soLArz 
w.	 (eds).	 Gatunki	 obce	 w	 faunie	 Polski.	 I.	 Przegląd	
i ocena	stanu.	Instytut	Ochrony	Przyrody	PAN,	Kraków,	
pp.	82–85.

strzeLec m. 2011b. Menetus dilatatus	 (Gould,	 1841).	 In:	
GłowAcińsKi z., oKArmA h., PAwłowsKi j., soLArz 
w.	 (eds).	Gatunki	 obce	w	 faunie	 Polski.	 I.	 Przegląd	 i	
ocena	stanu.	Instytut	Ochrony	Przyrody	PAN,	Kraków,	
pp.	91–92.

szymKowiAK A., wierzbicKA K. 2015.	 Warunki	 geo-	 i	
hydrologiczne.	 In:	 LuniAK	 M.	 (ed.).	 Przyroda	 Parku	
Skaryszewskiego	 –	 raport	 z	 realizacji	 Projektu	 2014	
r.,	 pp.	 10–11.	 http://www.miastoiptaki.pl/raport_
ppsk/ (accessed:	20.06.2015)

ŚLósArsKi A.	 1872.	Materyały	 do	 fauny	malakologicznej	
Królestwa	Polskiego.	Warszawa.

ŚLósArsKi A.	 1876a.	 Matériaux	 pour	 la	 faune	 mala-
cologique du Royaume de Pologne. Bull. Soc. Zool. 
France,	Paris	1:	291–299.	 

ŚLósArsKi A.	1876b.	Przyczynek	do	fauny	malakologicznej	
Królestwa	Polskiego.	Warszawa.

ŚLósArsKi A.	1877.	K	faune	moljuskow	Carstwa	Polskogo.	
Trudy	 piatogo	 siezda	 Russkich	 Estestwoispytatelej	 i	
Wraczej	w	Warszawe:	251–254.

trojAn P. 1975. Ekologia	ogólna.	PWN,	Warszawa.
urbAńsKi j. 1947.	 Krytyczny	 przegląd	 mięczaków	
(Mollusca)	Polski.	Ann.	Univ.	Mariae	Curie-Skłodowska	
Lublin,	Sec.	C,	2:	1–35.

VAn Leeuwen c. h. A., huiG n., VAn der VeLde G., VAn 
ALen t. A., wAGemAKer c. A. m., shermAn c. d. h., 
KLAAssen m., fiGueroLA j. 2013. How did this snail 
get	here?	Several	dispersal	vectors	inferred	for	aquatic	
invasive	 species.	 Freshwater	 Biol.	 58:	 88–99.	https://
doi.org/10.1111/fwb.12041

VAn Leeuwen c. h. A., VAn der VeLde G. 2012. 
Prerequisites	for	flying	snails:	external	transport	poten-
tial	of	aquatic	snails	by	waterbirds.	Freshwater	Sci.	31:	
963–972.	https://doi.org/10.1899/12-023.1

weLter-schuLtes f. w.	2012.	European	non-marine	mol-
luscs,	 a	guide	 for	 species	 identification.	Planet	Poster	
Editions,	Göttingen.

woLnicKi j. 2016. Ryby	 Parku	 Skaryszewskiego. In: 
romAnowsKi j.	(ed.).	Park	Skaryszewski	w	Warszawie	
–	przyroda	i	użytkowanie.	Wyd.	Uniw.	Kardynała	Stefana	
Wyszyńskiego,	Warszawa,	pp.	260–261.

zhAdin V. i. 1966.	 Metody	 badań	 hydrobiologicznych.	
PWN,	Warszawa.

ziębA j., zAćwiLichowsKA K. 1966.	 Fauna	 denna	Wisły	
pomiędzy	Oświęcimiem	a	Krakowem.	Acta	Hydrobiol.	
Suppl.	1:	289–410.

Received: March 17th, 2017 
Revised: July 7th, 2017 
Accepted: August 7th, 2017 
Published online: September 25th, 2017

https://doi.org/10.1007/s11270-015-2445-z
https://doi.org/10.12657/folmal.021.008
https://doi.org/10.1007/978-3-642-56869-5_17
https://doi.org/10.4149/ekol_2012_01_22
https://doi.org/10.4149/ekol_2012_01_22
http://www.miastoiptaki.pl/raport_ppsk/
http://www.miastoiptaki.pl/raport_ppsk/
https://doi.org/10.1111/fwb.12041
https://doi.org/10.1111/fwb.12041
https://doi.org/10.1899/12-023.1

